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Abstract
We propose that particles are associated both with localized
macroscopic states at point vertices and with extended micro-
scopic states at all vacuum points. The self-fields screen the mi-
croscopic particle currents everywhere except at the particle ver-
tex, observed as a point mass/charge carrier of such a nonlocal
particle-field object. All vertices are excluded from the micro-
scopic Maxwell-Lorentz and Einstein-type equations for elemen-
tary objects with continuous particle densities. The geodesic par-
ticle motion depends on a vector force with unified electromag-
netic and gravitational components. The advanced gravitational
wave, which will never come from infinity at finite times, and
the retarded electromagnetic wave are vector anti-waves. Curved
pseudo-Riemannian space-time always maintains flat 3D space
that is in agreement with the measurements of planetary perihe-
lion precession, gravitational light bending, radar echo delay, and
the nearly isotropic 2.73K cosmic microwave background. The de-
veloped synthesis of gravity with electrodynamics and the particle
with its field corresponds to the predicted way of double unifica-
tion and the Rainich-Misner criterion.
PACS numbers: 04.50.+h
1. Introduction
Pseudo-Riemannian geometry of curved space-time in General Relativity
[1] is determined by the total system of gravitational masses in the Universe.
Einstein’s macroscopic relativity operates with one metric tensor for one curved
space-time, which is considered as a common manifold for all bodies. Three-
space is also curved in General Relativity due to Schwarzschild’s solution for
the point mass [2].
However, the balloon measurements [3] of the nearly isotropic 2.73K cosmic
microwave background radiation strongly favour a spatial flatness of the Uni-
verse. Euclidean three-space may be accepted to modernize relativistic gravity,
for example [4], and this space is quite appropriate for all other kinds of inter-
actions. Having employed only spin-1 mediators (photon, W± and Z mesons,
and eight gluons), the Standard Model may anticipate the spin-1 graviton in
the grand unification.
We consider different curved four-spaces for different elementary particles
and their finite ensembles. And we try to justify Newtonian flat space and
the absolute time rate due to intrinsic metric symmetries of these curved four-
spaces. We accept that the proper pseudo-Riemannian four-space xµ
N
of one
selected particle N with the mass m
N
takes pseudo-Euclidean metrics (four-
interval) in the absence of all other particles. Recall that space-time in General
1
Relativity is curved even for the sole mass m
N
in the Universe. Metrics of
the curved proper four-space xµ
N
, specified for one selected mass m
N
, depends
exclusively on a gravitational potential of external fields (B 6=Nµ in our approach),
with ds2
N
(B 6=Nµ ) = dτ
2
N
(B 6=Nµ )−dl2N , dτN (B 6=Nµ ) = [gNoo(dxo+g−1NoogNoidxi)]1/2, and
dl
N
= [γNijdx
idxj ]1/2, i, j = 1, 2, 3, and µ, ν = 0, 1, 2, 3). External systems are
always different for different masses m
N
and m
K
, and metrics ds
N
(B 6=Nµ ) and
ds
K
(B 6=Kµ ) of the pseudo-Riemannian four-spaces x
µ
N
and xµ
K
, respectively, are
different in principle if N 6= K.
A program goal of this paper is to derive electrodynamic and gravitational
equations for one elementary particle N in its curved four-space xµ
N
and to
sum these equations over an ensemble of particles. The world space xi for this
ensemble is introduced as a common intersection of the proper 3D-subspaces xi
K
which always maintain the universal (Euclidean) geometry within the proper
curved four-spaces xµ
K
due to the symmetries γKij ≡ gKoigKoj(gKoo)−1 − gKij = δij .
At first we shall verify that the accepted tetrad formalism does not contradict
to the intrinsic metric symmetries γKij = δij . Then we shall find the pseudo-
Riemannian metric tensor gKµν , which satisfies to these symmetries under arbi-
trary gravitational and electromagnetic vector potentials and their gauges. This
finding corresponds in principle to the existing opportunity to use the universal
three-space xi and co-ordinate time xo as a common manifold {xi;xo} for de-
scription of all particles and their fields. It is essential for our space and time no-
tions that a 1D absolute time interval, dt
K
≡ (γKoodxodxo)1/2 = |dxo| = dt > 0,
maintains also a universal form with γKoo = δoo and may be applied to all ele-
mentary particles K.
The novel covariant scheme for relativity with flat 3D subspace is consis-
tent with all known experiments and observations. In particularly, it explains
quantitatively the measured planet perihelion precession, the gravitational light
bending, and the radar echo delay. Our relativistic corrections to Newtonian
motion in weak fields coincide with the similar corrections of General Relativ-
ity, but strong fields in our flat and GR’s curved three-spaces lead to different
dynamics of relativistic matter.
Our ”non-curved” three-velocity vi ≡ γijvj = δijvj and vi ≡ dxi/dτN in
flat three-space admits a linear decomposition of a particle four-momentum,
P
Nµ = mNVµ into an inertial, mN (1−δijvivj)−1/2{1;−δijvj}, and field, mN (1−
δijv
ivj)−1/2{√goo − 1;−√googi}, summands that prohibited in General Rela-
tivity. And a linear superposition of gravitational, m
N
Bµ(x), and electromag-
netic, q
N
Aµ(x), potentials takes place under flat space in the canonical four-
momentum of the particle N with the charge q
N
.
By following de Broglie’s departure from the point classical particle, we
put into consideration at all vacuum point x 6= ξ
N
, ξ
K
the extended microscopic
states of the particle N, located at one vertex point ξµ
N
under its averaged, macro-
scopic state. These extended microscopic states may be formally considered as
outgoing and incoming virtual fluctuations which induce locally outgoing and in-
coming elementary fields, q
N
fN+µν (x)x 6=ξN and −GmN fN−µν (x)x 6=ξN , respectively,
screening these particle fluctuations. A dual approach to the nonlocal particle
notion, based on the extended microscopic and point macroscopic states, will
allow us to exclude point vertices from the microscopic Maxwell-Lorentz and
Einstein - type equations, but to hold point particles in the macroscopic equa-
tions. Our microscopic equations will manifest the local mass/charge/energy
screening of the extended particle state by the induced field at every vacuum
point, while our macroscopic equations will coincide with Maxwell’s equations
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and reveal the origin of the scalar Ricci curvature in the Einstein equation.
It is well known that retarded vector (spin-1) mediators can lead only to
the repulsion of identical sources. But the extended, nonlocal particles al-
low us to employ advanced field potentials for the gravitational attraction of
masses-outlets in the vector field theory. In other words, we relate the re-
tarded potentials q
N
a+
Nµ with outgoing electromagnetic fields and advanced
potentials −Gm
N
a−
Nµ with incoming gravitational fields in the Maxwell-type
equations. These elementary potentials contribute to the total gravitational,
Bµ = −
∑all
K
Gm
K
a−
Kµ, and electromagnetic, Aµ =
∑all
K
q
K
a+
Kµ, field poten-
tials.
The unified vector structure of gravitational and electromagnetic forces, act-
ing on the particle, allows to generalize the equivalence principle on the proper
canonical four-space. The geodesic equation, DP
Nµ(ξN ) = 0, for the charged
vertex incorporates the retarded Lorentz and the advanced gravitational forces.
The vertex charge q
N
is always a source of the outgoing electromagnetic field,
while the vertex mass m
N
is always an outlet of the incoming gravitational field.
The outgoing (from the point vertex) electromagnetic wave and the incoming
(from infinity) gravitational wave are coupled vector anti-waves of each other.
These waves never cross at finite times and they are not relevant to metric
modulations of three-space, prohibited in the present scheme. The strict spatial
flatness of the Universe on micro-, macro-, and mega-scales is the principle point
of our relativistic scheme.
The global superposition of all microscopic particle states is considered in the
last section, where we derive the macroscopic gravitational equations. The scalar
Ricci curvature is absent in the microscopic equations, but appears naturally
in the Einstein macroscopic equation in agreement with the Rainich-Misner
criterion. The known criterion of double unification, the particle with its fields
and gravity with electrodynamics, is also satisfied in the developed theory with
nonlocal elementary objects.
2. Flat three-space and absolute time
In order to verify the mathematical opportunity to implicate the flat 3D
subspace xi
N
into the proper four-space xµ
N
with curved pseudo-Riemannian
metric under consideration of one elementary mass N, we employ the known
tetrad formalism, for example [5,6], which represents a proper four-interval,
ds2
N
≡ gNµνdxµN dxνN ≡ ds2 ≡ gµνdxµdxν ≡ ηαβeαµeβνdxµdxν ≡ ηαβdxαdxβ , in the
”plane” coordinates dxα ≡ eαµdxµ, dxβ ≡ eβνdxν , ηαβ = diag(+1,−1,−1,−1).
One can promptly find eoµ = {
√
goo;−√googi} and eaµ = {0, eai} from the equal-
ity ds2 ≡ [√goo(dxo − gidxi)]2 − γijdxidxj , gi ≡ −goi/goo. At first glance the
proper spatial triad eai ≡ eaN i (a = 1,2,3, while α = 0,1,2,3) depends essentially
on gravitational fields of external masses because this triad can be represented
via all components of the proper metric tensor goigojg
−1
oo − gij ≡ γij ≡ γNij . But
this is not a case if there are intrinsic symmetries of the proper metric tensor
gNµν .
Let us consider space components Vi of the metric-velocity four-vector Vµ ≡
gµνdx
ν/ds by using the tetrad formalism, −(√googi + vi)(1− vivi)−1/2 = Vi =
eαiVα = e
o
iVo + e
a
iVa = −(
√
googi + e
a
iva)(1 − vava)−1/2. This leads imme-
diately to trivial relations vi ≡ eaiva = δai va between the ”curved”, vi =
γijdx
j/
√
goo|dxo − gidxi|, and the ”plane”, va, three-velocities because eoi =
3
−√googi and Vα = {(1−vava)−1/2;−va(1−vava)−1/2}. These relations through
the universal Kronecker delta-symbols δai clearly indicate that all spatial triads
and, consequently, the three-space metric tensor are irrelevant to gravitation
fields, i.e. ea
N i = δ
a
i and γ
N
ij = δij . Below we introduce the metric tensor g
N
µν
which satisfy these symmetries in all field potentials and their gauges.
Again, Euclidean spatial geometry takes place in the covariant formalism
for gravitation due to the intrinsic metric symmetries, goigojg
−1
oo − gij ≡ δij ,
of proper four-spaces of elementary particles. The four-space metric tensor in
the most general case reads gµν ≡ ηαβeαµeβν ≡ ηµν + ηαβ(eαµeβν − δαµδβν ), where
eoµ = {
√
goo;−√googi} and eaµ = {0, δai } ≡ δaµ. In agreement with this consider-
ation, all three-intervals dl
K
are always associated with the universal Euclidean
metrics, because γKij ≡ gKoigKoj(gKoo)−1 − gKij ≡ δij ≡ −ηij for all particles, while
different proper four-intervals ds
K
represent different pseudo-Riemannian met-
rics, because gNµν 6= gKµν .
A proper four-interval of one selected mass N (ds
N
≡ ds and dx
N
≡ dx, for
short) is given by
ds2 =
(√
goodx
o +
goidx
i
√
goo
)2
− δijdxidxj ≡ [dτ(s)]2 − dl2 (1)
in arbitrary external gravitational fields. It is worth noting that (1) is a very
complicated nonlinear equation with respect to the proper metrics ds. The
proper time dτ ≡ dτ
N
(s
N
) ≡ √goo|dxo − gidxi| in (1) depends on |ds| =√
[dτ(s)]2 − dl2, and the nonlinear four-interval ds depends on the 3D inter-
val dl ≡ dl
N
≡√δijdxidxj > 0 in a nontrivial way for moving bodies.
The co-ordinate time rate dxo
N
of the advanced and retarded field matter
has opposite directions resulting to incoming and outgoing material fields. We
can use the absolute time interval, dt ≡ dt
N
≡√γNoodxoN dxoN ≡√δoodxoN dxoN ≡
|dxo
N
| > 0, for both outgoing (retarded) and incoming (advanced) fields. Both
the 3D space interval dl
N
and the 1D time interval dt
N
are based on the uni-
versal metric symbols, γNij = δij and γ
N
oo = δoo, respectively. But there is no
flat, homogeneous metrics ds
N
≡ (sign dxo
N
)
√
gNµν(xN )dx
µ
N dxνN of four-space,
because gNµν(xN ) 6= const. The absolute or flat ”rulers” dlK and dtK are relevant
in practice for measurements and observations, and universal (Euclidean) geom-
etry of 3D and 1D proper subspaces ought to stand behind the world (common)
three space and the world (common) time notions. Flat space and flat time, i.e.
the flat world space+time {xi;xo}, can always be applied to all particles and
fields in the Universe, while {xµ} and ds
N
is to be specified for every selected
particle N (or for their finite ensemble).
Now we study the metric-velocity four-vector Vµ. Notice that Vµ = e
α
µVα =
(eaµVa+e
o
µVo) = (e
a
µVa+δ
o
µVo) + (e
o
µ−δoµ)Vo ≡ Vµ+Uµ, with the proper four-
velocity Vµ ≡ (eaµVa+ δoµVo) = δαµVα, because eao = 0 and eai = δai . Flat three-
space geometry is just a way to introduce the four-potential Uµ ≡ (eoµ − δoµ)Vo
= Bµ + (qN /mN )Aµ + ∂µφN for both gravitational, Bµ, and electromagnetic,
(q
N
/m
N
)Aµ, components. Let a total (canonical) particle four-momentum
P
Nµ(x) has formally the inertial, gravitational and electromagnetic contribu-
tions,
P
Nµ(x)≡mN
gNµνdx
ν
N
ds
N
=
{
m
N√
1− v2 +
m
N
(
√
goo − 1)√
1− v2 ;−
m
N
vi√
1− v2 −
m
N
gi
√
goo√
1− v2
}
= m
N
V
Nµ = mN (Vµ +Bµ + qNm−1N Aµ + ∂µφN ) = mN (Vµ +B 6=Nµ + SNµ ), (2)
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where vi ≡ γijvj , v2 ≡ vivi, |ds| = (dxµdxµ)1/2, dxµ = gµνdxν , dxµ ≡ dxµN ,
vi ≡ dxi/g1/2oo (dxo − gidxi); gi = −goi/goo; γij ≡ gigjgoo − gij = δij = −ηij .
Flat three-space admits a direct analogy in structures of gravitational and
electromagnetic fields (which will be proved below). Namely, the gravitational,
Bµ(x) ≡ −
∑all
K
Gm
K
a−
Kµ(x), and the electromagnetic, Aµ(x)≡
∑all
K
q
K
a+
Kµ(x),
potentials in the canonical four-momentum (2) are based on the elementary
potentials −Gm
K
a−
Kµ(x) and qKa
+
Kµ(x), respectively, with coupled forming-up
pre-potentials a±
Kµ(x). The latter are a gauge family of advanced (-) and re-
tarded (+) field solutions, a∓
Kµ(x) = a˜
∓
Kµ(x) + ∂µχ
∓
K
(x), of the Maxwell-type
equations (derived below) for the mass m
K
and the charge q
K
, respectively.
Finally the canonical four-momentum P
Nµ(x) depends on the inertial mo-
mentum m
N
V
Nµ(x), the ”internal” self-momentum mNS
N
µ (x) ≡ qNAµ(x) −
Gm2
N
a−
Nµ(x) + mN∂µφN (x), and the ”external” field momentum mNB
6=N
µ (x) ≡
−m
N
∑
K 6=N
K
Gm
K
a−
Kµ(x) in the most general case.
The ”internal” self-potential SNµ (x) depends on the proper gauge, ∂µφN ,
and the particle parameters, m
N
and q
N
, while the ”external”, gravitational
potential is independent from the proper particle parameters. A physical gauge
can assist to avoid both a self-action in the proper four-interval ds
N
and an
infinite energy of the self-field N at the vertex point ξ
N
.
At first we study the relations (2) for an electrically uncharged particle,
when q
N
= 0 and SNµ (x) = ∂µφN −GmN a−Nµ(x). Notice from the relations (2)
that the passive gravitational mass in m
N
B 6=Nµ is always equal to the inertial
(rest) mass in m
N
Vµ. Contrary to General Relativity, the electrodynamics-
like gravitation (based on the linear superposition of elementary fields) may
propose from (2) a detail structure of the proper metric tensor gNµν(x). The
proper tetrad takes the following components eaµ = {0, δai } = δaµ and eoµ =
{1 +√1− v2(Bo + ∂oφN );
√
1− v2(Bi + ∂oφN )} = δoµ +
√
1− v2(Bµ + ∂µφN ).
Than the proper metric tensor gNµν ≡ gNµν(xN ) for the selected mass mN is given
by 

gNoo = [1 +
√
1− v2(B 6=No + SNo )]2
gNoi = [1 +
√
1− v2(B 6=No + SNo )]
√
1− v2(B 6=Ni + SNi )
gNij = (1− v2)(B 6=Ni + SNi )(B 6=Nj + SNj )− δij
. (3)
Notice that the proper gravitational potential, BNµ (x) ≡ −GmNa−Nµ(x) 6= 0
in (3), does not vanish in the absence of external gravitational fields, when
B 6=Nµ = 0. This proper potential should take the Newtonian form in the particle
rest frame, with BNo (x) = |x − ξN |−1 → ∞ when |x − ξN | → 0. An infinite
value of such proper potential, ANµ (x) ≡ qN a+Nµ(x), of the point electric charge
q
N
at its path points ξ
N
is conventionally omitted in Classical Electrodynamics.
The similar divergence problem may be resolved more appropriately in (2)-
(3) due to a physical choice of the gauge term ∂µφN , when S
N
µ (x)P
µ
N
(x) =
[∂µφN−GmN a−Nµ(x, ξN )]PµN (x) = 0. In other words, the internal self-momentum
behaves like an internal angular momentum or a particle spin with SNµ (x) =
{0;S(x)} in the rest frame of references.
As it was expected, all components of the three-space metric tensor are
independent from gravitational fields. Now the equality γij ≡ goigojg−1oo − gij =
δij may be verified directly from (3) despite every component of the metric
tensor gµν depends on the field potentials. One can represent (3) in a more
compact way, gµν = ηαβe
α
µe
β
ν and e
α
µ = δ
α
µ + δ
αo
√
1− v2B′µ. Notice, that
Pµ
N
= gµνP
Nν = mN [η
µνVν + (gµν − ηµν)Vν + gµνB′ν ] = mN ηµνVν - mN{(1 +
5
√
1− v2B′o)−1(B′o +B′ivi); 0} = mN (1− v2)−1/2{1+ (g−1/2oo − 1+ givi); vi} and
P
NµP
µ
N
= m2
N
(VµVµ + 0) = m2N for an arbitrary gravitational four-potential
B′
N
≡ B 6=Nµ + SNµ = Bµ + ∂µφN , when qN = 0.
Substituting the metric tensor (3) into (1), we can obtain a general equation
for the proper four-interval, ds = ds
N
, of one selected mass m
N
,
ds2 + dl2 = (dxo +
√
1− v2B′µV µds)2, (4)
with dl2 ≡ δijdxidxj . From here the proper particle time dτ and the particle
four-interval ds are not self-affected by the particle mass and charge only under
the physical gauge SNµ P
µ
N
≡ m
N
SNµ V
µ
N
= 0, when B′µV
µ = (B 6=Nµ + S
N
µ )V
µ =
B 6=Nµ V
µ.
Each elementary gravitational potential −Gm
K
a−
Kµ(x) in B
6=N
µ (x) is related
to its distant point vertex ξ
K
in agreement with the Maxwell-type equation
(derived below). This potential in the two-body problem has only Newton’s
component, B 6=Nµ = −GmKa−Kµ(x) = {−GmK |x − ξK |−1; 0}, for a point mass
m
N
at x = ξ
N
in the mass m
K
frame of references. Below we use this potential
to study gravitational phenomena in the Sun’s field.
3. Relativity tests in the Sun’s field
3.1. The planetary perihelion precession in the flat world space
Now we derive the planetary perihelion precession in order to test in prac-
tice the four-interval equations (4) with the novel structure of the metric ten-
sor (3), which is consistent with flat three-space, γij = δij . A distant sys-
tem of elementary gravitational centres K may be considered as one united
center with the joint mass (the Sun, for example, with the Sun’s mass M
S
),
when all |x − ξ
K
| ≈ r ≡ u−1. Nonlinear relativistic relations for the function
α
N
(ds2, dl2)=−√1− v2
N
B 6=Nµ V
µ
N
will be derived in the next section. One may
use in (4) the Newton potential, (−B 6=No ) = GMSr−1 ≡ µu ≪ 1, for the non-
relativistic motion when a considered mass N (a planet with mass m
N
≪ M
S
and v2
N
≡ dl2/dτ2 ≪ 1) moves in the Sun’s rest frame, where B 6=Ni = 0. The
equation (4) for the proper four-interval ds reads
ds2(t, l, τ) + dl2 ≡ dτ2(t, l, s) = dt2
(
1− µu
√
1− dl
2
dτ2
)2
≈ dt2
(
(1 − µu)2 + µu(1− µu) dl
2
dτ2
)
≈ (1− 2µu)dt2 + µudl2, (5)
where we used dt ≡ |dxo|, µu≪ 1, dl2 ≪ dτ2, and dt2 − dτ2 ≪ dt2.
The mass dependent coefficient 1−µu in (5) at the flat three-interval, dl2 =
dr2 + r2dϕ2 = u−4du2 + u−2dϕ2, does not mean departure from Euclidean
spatial geometry in gravitational fields. This coefficient is related to a direct
involvement of the space replacement dl into the proper time dτ(dt, dl, ds). Our
proper time in (5), dτ ≈ (1− 2µu+ µuv2)1/2dt, coincides with the General
Relativity proper time, (1 − 2µu)1/2dt, in the limit of weak fields and small
velocities.
The Killing vectors and integrals of motion, (1−µu)2dt/ds = E = const and
r2dϕ/ds = L = const (with ϑ = π/2 = const), are well known under the four-
interval with stationary coefficients, for example [7]. By taking into account
6
these conservation laws in (5), one obtains an equation for a rosette motion of
planets under the non-relativistic restrictions on their velocities,
(1 − 2µu)L−2 + (1− 3µu)(u′2 + u2) = E2L−2, (6)
where u′ ≡ du/dϕ and µu ≪ 1. Now one may differentiate (6) with respect to
the polar angle ϕ,
u′′ + u− µ
L2
=
9
2
µu2 + 3µu′′u+
3
2
µu′2, (7)
by keeping only the oldest nonlinear terms. This equation may be solved in
two steps, when a linear solution, uo = µL
−2(1+ ǫcosϕ), is substituted into the
nonlinear terms on the right hand side of (7).
The most important correction (which is summed over century rotations
of the planets) is related to the ”resonance” (proportional to ǫcosϕ) nonlinear
terms. We therefore ignore in (7) all corrections, apart from u2 ∼ 2µ2L−4ǫcosϕ
and u′′u ∼ −µ2L−4ǫcosϕ. Then the approximate equation for the rosette mo-
tion, u′′ + u − µL−2 ≈ 6µ3L−4ǫcosϕ, leads to the well known perihelion pre-
cession, ∆ϕ = 6πµ2L−2 ≡ 6πµ/a(1 − ǫ2), which also may be derived through
Schwarzschild’s metric formalism with curved three-space, for example [5-10].
It is important to emphasize for a verification of our space concept that the
observed result for the planet perihelion precession ∆ϕ in the Sun’s field was
derived from the GR nonlinear four-interval (5) under flat three-space, rather
than from the linear four-interval under curved three-space.
3.2. The radar echo delay in flat three-space
The gravitational redshift of light frequency ω is still considered in some
textbooks as a confirmation of the accepted opinion that gravity couples to
the energy content of any matter, including the photon’s energy Eγ or the
”relativistic mass” mγ = Eγ/c
2. We agree completely with the statement E =
mc2 for rest-mass particles, but disagree with its inverse reading, m = E/c2, for
all kinds of matter, in particular for photons with m = 0 and E 6= 0.
In 1907 Einstein introduced the principle of equivalence for a uniformly
accelerated body and concluded that its potential energy is associated with
the ”heavy” (passive) gravitational mass [11]. This Einstein’s conclusion was
formally generalized in a way that any energy, including light, has a gravi-
tational mass. Proponents of this generalization assume that photon’s energy-
”relativistic mass” is attracted directly by the Earth in agreement with the mea-
sured redshift ∆ω/ω = ∆Eγ/Eγ = ∆(−mγGMER−1E )/mγc2 = −∆GME/REc2
due to these formal relations for light in the static gravitational field. But the
formal introduction of the ”relativistic mass” for matter with a zero scalar mass
invariant leads to the underestimated light deflection, ϕ = −2GM
S
/R
S
c2 ≡
−2µ/c2R
S
≡ −rg/RS , under the Newtonian ”fall” of photons in the Sun’s
gravitational field [12]. In 1917, when the Schwarzchild’s solution [2] for space
curvature had been accepted by General Relativity, Einstein predicted the non-
Newtonian light deflection ϕ = −2rg/RS , based once again on a direct attraction
of the photon’s energy Eγ by the Sun. All experimental tests supported later
the corrected Einstein’s result for the gravitational light deflection, that up till
now holds non-Euclidean three-space in contemporary developments of General
Relativity.
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But do photon’s gravitational phenomena undoubtedly confirm that space
is really curved and gravity couples to the photon’s energy? The principle of
equivalence was proposed only for a rest-mass body with a proper reference
system [11], while the photon has no inertial or rest mass at all. How may a
passive gravitational mass be attributed to a particle without an inertial mass?
Now we revise the conventional theory of the radar echo delay and the grav-
itational light deflection. Our goal is to show that the known measurements
[9,13,14] of light phenomena in the Solar system may be interpreted as confirma-
tions of the world space flatness. Let us consider a static (gi = 0, for simplicity)
gravitation field, where the physical slowness of photons, n−1 ≡ v/c, can be
derived directly from the covariant Maxwell equations [5], n−1 =
√
ǫ˜µ˜ =
√
goo.
The measured, physical velocity v = dl/dτ , as well as the measured, physical
frequency ω = ωodt/dτ , is to be specified with respect to the physical time
dτ =
√
goodt. Originally Einstein associated the light’s redshift with the dif-
ferent clock rates in the Sun’s gravitational potential [11], and this true nature
of the redshift is irrelevant to the energy content or to the ”apparent weight”
[13] of the massless photon. In other words, the light redshift is simply the
gravitational blue shift of clocks which measure the photon frequency.
As compared to the physical velocity of light, its co-ordinate velocity v =
dl/dt is double shifted by the static gravitational potential
√
goo,
l˙ ≡ dl
dt
≡ dl
dτ
dτ
dt
= cn−1
√
goo = cgoo = c
(
1− rg
2r
)2
, (8)
in the Sun’s gravitational field, where rg ≡ 2GMS/c2 = 2, 95 km, rg/r ≪ 1.
Notice that the local physical slowness n−1 =
√
goo, and the local time dilation
dτ/dt ≡ √goo|1 − gix˙i| ≈ √goo are responsible together for the double co-
ordinate slowness in the relation (8).
A world time delay of Mercury’s radar echo reads through the co-ordinate
relation (8) as
∆t = 2
∫ l
M
l
E
dl
(
1
l˙
− 1
c
)
≈ 2
c
∫ x
M
x
E
rgdx√
x2 +R2
S
≈ 2rg
c
ln
4r
MS
r
ES
R2
S
= 220µs,
(9)
where y ≈ R
S
= 0.7 × 106 km is the radius of the Sun, while r
ES
= 149.5 ×
106km and r
MS
= 57.9× 106km are the Earth-Sun and Mercury-Sun distances,
respectively. It is essential that we use Euclidean metrics for any finite distance,
r = (x2 + y2)1/2, between the Sun’s center (0,0) and any considered point (x,
y) on the photonic axis x. One can measure in the Earth’s laboratory only the
physical time delay ∆τ
E
, which practically coincides with the absolute world
time delay ∆t in the Earth’s weak field, i.e. ∆τ
E
≈ ∆t = 220µs. The known
experimental results [14] correspond to the radar echo delay (9), based on the
concept of flat world space.
3.3. The gravitational light bending in flat three-space
A co-ordinate angular deflection ϕ of a light front in the Sun’s gravitational
field may be derived geometrically by using the co-ordinate velocity (8),
ϕ∞ = −2
∫ ∞
0
dl
∂
∂y
(
l˙
c
)
≈ −2
∫ ∞
0
dx
∂
∂y
(
rg√
x2 + y2
)
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≈ −2rg
∫ ∞
0
dx
R
S
(x2 +R2
S
)3/2
= −2rg
R
S
= −1.75”. (10)
A physical way to derive the ray deflection (10) is to apply Fermat’s principle
to light in gravitational fields. We relate the covariant wave vector Ko in the
scalar equation KµK
µ = 0 to the measured, physical energy-frequency of the
photon (Ko = E = h¯ω = h¯ωo/
√
goo, h¯ωo = const > 0; notice that Po is also
the measured particle’s energy in PµP
µ = m2) in agreement with the original
Einstein’s paper [11].
The scalar wave equation KµK
µ = gµν
N
KµKν = 0 has two solutions for
paired anti-waves. One solution for the electromagnetic wave (photon), with

Ko ≡ h¯ωodt/cdτ = goo(Ko − giKi)
γijK
iKj = goo(K
o − giKi)2 = K2o/goo = h¯2ω2odt2/c2goodτ2
Ki = h¯ωodtdx
i/c
√
goodτdl,Ki = −(h¯ωodt/c√goodτ)[(γijdxj/dl) +√googi]
,
(11)
or Kµ = {+E,∓E[(δijdxi/√goodl) + gi]}, and another solution for the gravi-
tational wave (graviton) Gµ ≡ −Kµ = {−E,±E[(δijdxi/
√
goodl) + gi]}, with
GµG
ν = 0. The graviton, the anti-photon in our consideration, is associated
formally with the negative energy Go = −E < 0 (like the negative-energy right-
handed neutrino in the Weyl equation) or with the backward (advanced) wave
motion under the positive world time direction, dt = |dxo| > 0. By employ-
ing one absolute time rate dt > 0 for measurements, one should relate gravity
with the advanced, incoming material fields moving from infinity to their point
outlets ξi
K
in flat world space xi.
The Fermat variations with respect to δϕ and δu (r ≡ u−1, ϕ, and ϑ = π/2
are the spherical coordinates) for photons in a static gravitational field,
δ
∫
Kidx
i = −δ
∫
h¯ωoγijdx
j
cgoodl
dxi = − h¯ωo
c
δ
∫ √
du2 + u2dϕ2
u2(1− 2−1rgu)2 = 0, (12)
where γij = δij and dl =
√
δijxixj =
√
dr2 + r2dϕ2 is the Euclidean three-
interval, leads to a couple of light ray equations,{
(1 − 2−1rgu)4
[(
u′ϕ
)2
+ u2
]
= U2o = const
u′′ϕϕ + u = U
2
o rg(1− 2−1rgu)−5 ≈ U2o rg
. (13)
Solutions of (13), u ≡ r−1 = r−1o sinϕ + rgr−2o (1+cosϕ) and rg/ro ≈ rgUo ≈
rg/RS ≪ 1, may be used under the Sun’s weak field. The propagation of light
from r(−∞) = ∞, ϕ(−∞) = π to r(+∞) → ∞, ϕ(+∞) → ϕ∞ corresponds to
the angular deflection ϕ∞ = arsin[−2rgR−1S (1 + cosϕ∞)] ≈ −2rg/RS from the
initial light’s direction. This deflection coincides with (10) and is in agreement
with the known measurements −1, 66′′ ± 0.18′′, for example [9].
The massless photon is not attracted directly by the Sun, but exhibits the
physical velocity slowness v/c ≡ dl/cdτ = √goo, with goo < 1 and γij = δij ,
under locally dilated time rate. Both the photon and the graviton have neither
inertial nor gravitational masses. Massless gravitons are not coupled to each
other, and gravitational interactions, like electrodynamic ones, are linear in the
present theory of the flat world space with the absolute time rate. The mass four-
current is the origin of the vector gravitational field according to the Maxwell-
type equation (derived below). This nature of gravity is in agreement with
the zero measurements of the Nordtvedt effect [15,16] and satisfies the Einstein
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principle of equivalence. Both the vector gravitational wave (or graviton) and
the vector electromagnetic wave (or photon) have zero mass and charge four-
currents, respectively. These waves can not generate themselves gravitational
and electromagnetic fields, and our gravitons, like photons, do not couple to
each other.
The numerical results (9) and (10) are well known and were proposed by
many authors, but we have derived these results for light in the flat world
space. Accepting the verified agreement of ∆ϕ from (7), ∆t from (9), and ϕ∞
from (10) with the relevant measurements, one may conclude that the Mercury
perihelion precession, the radar echo delay, and the gravitational light deflection
by the Sun reinforce the credibility of the flat Universe.
4. Proper four-space for the charged mass
The observable evolution of matter is three-dimensional in spite of the fact
that the proper four-space or other high dimensional manifolds can be employed
for a self-consistent description of any selected mass. Geometry of proper high
dimensional manifolds may differ from Euclidean geometry of their 3D intersec-
tion called the world space. This provides an opportunity to implicate electric
charges into the metric tensor of the formally introduced pseudo-Riemannian
four-space x = x
N
.
In order to describe one selected mass m
N
with the electric charge q
N
we
employed the symmetrical involvement of masses and charges into the proper
particle four-momentum (2) or the total four-velocity V
Nµ ≡ m−1N PNµ,
V
Nµ(x) = Vµ +
all∑
K
[−Gm
K
a−
Kµ(x) +m
−1
N
q
N
q
K
a+
Kµ(x)] + ∂µφN (x)
≡ Vµ + Uµ(x) =
{
1√
1− v2 ;−
δijv
j
√
1− v2
}
+
{
(
√
goo − 1)√
1− v2 ;−
gi
√
goo√
1− v2
}
, (14)
where Uµ(x) ≡
∑all
K
[−Gm
K
a−
Kµ(x) + m
−1
N
q
N
q
K
a+
Kµ(x)] + ∂µφN ≡ B 6=Nµ (x) +
SNµ (x), S
N
µ (x) ≡ −GmNa−Nµ(x) +∂µφN (x) +m−1N qN
∑all
K
q
K
a+
Kµ(x), Vµ(x) ≡
δαµVα = {β−1,−β−1δijvj}, and β=|ds|/dτ=|ds|/(ds2 + dl2)−1/2=
√
1− δijvivj .
By employing the coupled pre-potentials a±
Kµ for the electromagnetic, qKa
+
Kµ,
and gravitational, −Gm
K
a−
Kµ, field potentials, one can introduce for every
charged mass the proper four-dimensional space xµ
N
with affine connections gen-
erated by both external masses and electric charges. The total (canonical) four-
momentum of the charged mass in its proper pseudo-Riemannian four-space
takes the ”old”, mechanical view, Pµ
N
= m
N
dxµ
N
/ds
N
, P
Nν = mN g
N
µνdx
µ
N
/ds
N
= m
N
(δαν Vα + Bν) + qNAν + mN∂µφN , ds
2
N
= gNµνdx
µ
N
dxν
N
, P
NµP
µ
N
= m2
N
.
In principle, all charges q
K
and masses m
K
may contribute into the proper
(canonical) metric tensor for the mass m
N
,

gNoo = (1 + βNUo)
2
gNoi = (1 + βNUo)βNUi
gNij = β
2
N
UiUj − δij
gNoig
N
oj(g
N
oo)
−1 − gNij = δij
, (15)
into the proper (canonical) tetrad (gNµν ≡ gµν = ηαβeαNµeβNν),
eα
Nµ(x) = δ
α
µ + δ
αoβ
N
Uµ(x) ≡ δαµ + δαoβN (B 6=Nµ + SNµ) ≡ δαµ + δαoβN (Vµ −Vµ),
(16)
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and into the affine connection in the proper (canonical) four-space x
N
,
Γλµν =
1
2
gλρ
N
(∂µgNνρ + ∂νg
N
µρ − ∂ρgNµν). (17)
The point is that all potentials in (15)-(17) are not observable notions and the
gauge field ought to be selected properly in order to avoid nonphysical results.
One can verify from (15) that the three-space metric tensor γij ≡ goigojg−1oo −gij
= δij corresponds to Euclidean 3D sub-space under any gauge transformations.
These six bounds admit only four independent functions, β
N
Uµ, for the ten dif-
ferent metric components in (15). And these four functions have three transi-
tional degrees of freedom due to the particle velocity vi
N
in β
N
, four gravitational
degrees of freedom due to the external field potential B 6=Nµ , and three rotational
degrees of freedom due to the internal self-potential SNµ , with S
N
µ P
µ
N
= 0. We
prove below that the proper particle time dτ
N
is not related to new degrees of
freedom, i.e. there are only ten degrees of freedom in the pseudo-Riemannian
metric tensor (15) for the most general case.
The physical three-velocity of the mass N in the flat world space, dxi
N
/dτ
N
≡ vi
N
≡ vi = δijvj , is determined by the proper time dτN . The proper time
of one selected charged particle N, dτ
N
≡ β−1|ds| = |√goo(dxo − gidxi)| =
|(1 + βUo)dxo + βUidxi| = |dxo + βUµdxµ| = |dxo + β2UµV µdτsign ds| and
sign ds = sign dxo, depends on the external gravitational potential B 6=Nµ ,
dτ
N
|dxo| ≡
1
1− β2
N
(τ
N
)UµV
µ
N (τN )
≡ 1 + βN (τN )Uo
1− β
N
(τ
N
)UiviN (τN )
=
1
1− β2
N
(τ
N
)B 6=Nµ V
µ
N (τN )
≡ 1 + βN (τN )B
6=N
o
1− β
N
(τ
N
)B 6=Ni v
i
N
(τ
N
)
. (18)
We used in the equation (18) the physical, spin-type gauge with SNµ V
µ
N
= 0,
when So(1− βUivi) + Sivi(1 + βUo) = So(1− βB 6=Ni vi) + Sivi(1 + βB 6=No ) = 0.
Then the self-potential Sµ ≡ SNµ or the particle mass mN and charge qN do
not contribute to the proper particle time dτ
N
in the physical velocity vi
N
=
dxi
N
/dτ
N
. The proper four-interval ds2
N
= dτ2
N
− δijdxidxj of the electrically
charged particle N depends only on the external gravitational potential B 6=Nµ (x)
and takes pseudo-Euclidean form in the absence of external masses.
By taking into account that β
N
≡ β = |ds|/(ds2+ dl2)1/2, one can read (18)
as follows,
dτ
N
dt
≡ 1
2
+
√
1
4
+ UµV
µ
N (τN )
ds2
N
dt2
=
1
2
+
√
1
4
+B 6=Nµ V
µ
N (τN )
ds2
N
dt2
. (19)
The basic interval relation ds2
N
+dl2
N
≡ (dxo
N
+βUµdx
µ)2 ≡ (dxo
N
−α
N
ds
N
)2,
with α
N
≡ −βUµV µ = −βB 6=Nµ V µ ≡ −(B 6=No + B 6=Ni vi)/(1 + βB 6=No ), ds2N ≡
gNµνdx
µ
N
dxν
N
, dl2
N
≡ δijdxiN dxjN , and dt2N ≡ δoodxoN dxoN , may be also represented
in the following form,
ds2 ≡
(√
(dxo)2 − dl2(1− α2
N
)∓ α
N
dxo
(1 − α2
N
)
)2
≈ dt
2
(1 + α
N
)2
− dl
2
(1 + α
N
)
, (20)
when (1−α2
N
)dl2/dt2 ≪ 1. By selecting the only one sign in (20), we used from
(18) that ds2 = dt2(1 + α
N
)−2 when dl2 = 0. Notice that UµV
µ = B 6=Nµ V
µ < 0
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and α
N
> 0 for strong gravitational fields, i.e. there is no Schwarzschild-type
peculiarity or the black hole in the nonlinear interval equations (18)-(20). But
all these nonlinear equations lead to Schwarzschild’s time dilation dτ/dt ≈ 1 −
GMr−1 [2] under weak gravitational fields GMr−1 ≪ 1 and non-relativistic
velocities (1− β)≪ 1.
The following summary of main relations between the proper metric tensor,
gµν ≡ gNµν(x), the proper four-velocity, Vµ ≡ m−1N PNµ(x), and the field potential,
Uµ ≡ UNµ(x) ≡ B 6=Nµ (x) + SNµ (x), may be useful for our references,
goo = (1 + βUo)
2, goi = (1 + βUo)βUi, gij = β
2UiUj − δij ,
gi = −goi = γijgj = gi = −goig−1oo = −βUi(1 + βUo)−1,
goo = g−1oo − gigi = (1− β2UiUjδij)(1 + βUo)−2, γij = γij = −gij = δij ,
Vµ = {β−1 + Uo;−β−1vi + Ui} = Vµ + Uµ = gµνV ν ,
V µ = {(β−1 + Uo) ; V i} = {β−1 − (Uo + Uivi)(1 + βUo)−1 ; β−1vi},
VµV
µ = goo(V
o − giV i)2 − δijV iV j = V 2o g−1oo − β−2v2 = 1;
Gauge : So ≡ [So(1− βB 6=Ni vi)(1 + βB 6=No )−1 + Sivi](1 + βUo)−1 = 0,
with Uo ≡ Bo6=N + So = Bo6=N = (B 6=No + βB 6=Ni vi)(1 + βB 6=No )−1,
Si ≡ 0, (1− βUivi)(1 + βUo)−1 = (1− βB 6=Ni vi)(1 + βB 6=No )−1,
V µ = {β−1 − (B 6=No +B 6=Ni vi)(1 + βB 6=No )−1 ; β−1vi},
SµV
µ = 0, SµS
µ = 0, VµV
µ = (Vµ +B 6=Nµ + Sµ)V µ = 1. (21)
It is interesting that the contravariant component P i
N
≡ m
N
V i = m
N
β−1vi
does not depend on external potentials (because U i ≡ 0), while the covariant
three-momentum P
N i = −mNβ−1vi+mNUi depends on them. This means that
the electromagnetic potentials Aµ and A
µ, as well as the total potentials Uµ and
Uµ, are not themselves four-vectors.
The metric tensors gµν
N
can not be applied for rising indexes of any one
summand in m
N
Vµ = mNVµ +mNBµ +mN∂µφN + qNAµ, despite gµνN Vµ = V ν
for the total (canonical) four-velocity Vµ ≡ VNµ of the charged mass N. The
physical gauge SµP
µ = 0 in VµP
µ = (Vµ+B 6=Nµ +Sµ)Pµ = mN means that the
self-potential (and the charge q
N
) does not directly contribute to the particle
rest mass m
N
.
Their is no metrics to relate the self-potentials Sµ 6= 0 and Sµ = 0, which are
associated, in particular, with the electromagnetic potentials q
N
Aµ and qNA
µ.
A massless electric charge, q
N
6= 0 with m
N
= 0, can not exist in practice
because the electromagnetic part, q
N
Aµ(x), of the canonical four-momentum
does not maintain a definite tensor nature in the proper four-space xµ
N
.
5. Point macroscopic and extended microscopic particle states
5.1. The macroscopic geodesic motion of the point charge
The coupled gravitational and electromagnetic potentials in (2) or (14) can
lead in principle to balanced vector forces under the free motion of the charged
particle. That is why we may generalize the equivalence principle on the proper
canonical four-space xµ
N
with the Christoffel connections (17). A macroscopic
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geodesic equation may be derived due to the covariant conservation of the lo-
calized particle four-momentum P
Nµ(ξN ) at every path point ξN in the curved
canonical four-space, where V
NµV
µ
N
≡ 1, V ν
N
∇Nµ VNν ≡ 0, and Γµρλ = Γµλρ,
DP
Nµ(ξN )
ds
N
(ξ
N
)
= V ν
N
(∇νPNµ −∇Nµ PNν)x→ξN = P νN (∂νVµ − ∂µVν)
= P ν
N
(∂νVµ − ∂µVν)− P νN (∂µBν − ∂νBµ)− qNV νN (∂µAν − ∂νAµ)
= m
N
V ν(∂νVµ − ∂µVν)x→ξ
N
−m
N
V ν
K 6=N∑
K
(−Gm
K
)fK−µν (ξN )
−q
N
V ν
K 6=N∑
K
q
K
fK+µν (ξN )− (q2N −Gm2N )V νfNµν(x)x→ξN = 0. (22)
The retarded Lorentz force for the electric charge, q
N
V ν
N
(∂µA
6=N
ν −∂νA6=Nµ ) =
q
N
V ν
N
∑
K 6=N
K
q
K
(∂µaK
+
ν − ∂νaK+µ ) = qNV νN
∑
K 6=N
K
q
K
fK+µν (ξN ), is accompanied
in (22) by the advanced gravitational force for the mass with the similar vector
nature, m
N
V ν
N
(∂µB
6=N
ν − ∂νB 6=Nµ )=mNV νN
∑
K 6=N
K
(−Gm
K
)(∂µaK
−
ν − ∂νaK−µ ) =
m
N
V ν
N
∑
K 6=N
K
(−Gm
K
)fK−µν (ξN ). The self-force (q
2
N
−Gm2
N
)V νfNµν(x)x→ξN orig-
inates from the net energy loss under generation of electromagnetic and grav-
itational waves. Below this self-force will be bound with the integral changes
of the self-field tensor density θµν (x) of the microscopic particle states over all
vacuum points x 6= ξ
N
. Notice for (22) that the gauge term is absent due to a
tensor equality P ν(∂ν∂µφN −∂µ∂νφN ) = 0 and there are only three independent
equations due to scalar equalities PµDPµ ≡ 0 and PµP ν(∂νVµ − ∂µVν) ≡ 0.
The macroscopic geodesic equations (22), based on the canonical four-space
with metric relations (15)-(17) and the physical gauge So = Sµ = 0, (Vµ +
B 6=Nµ )V
µ = 1, corresponds to the classical Minkowski-Lorentz analogueDuµ/ds
= m−1
N
q
N
uν(∂µAν −∂νAµ), based on the four-space concept with pure mechan-
ical connections and uµu
µ = 1.
One can read the general geodesic equation (22) in the non-relativistic limit,
where q
N
(E+v×B)i+mN (Eg+v×Bg)i =mN [V o(∂iVo−∂oVi)+V j(∂iVj−∂jVi)]
≈ m
N
[∂ovi + (v
j∇j)vi] = mNdvi/dt and vi(mNEgi + qNEi) = mN vidvi/dt. A
self-action here may be found from a non-divergence part of the proper four-
potential [8], a
Nµ(x)x→ξN ≈ {0,−2v˙/3}, which lead to E
self
i = qN2v¨/3, E
self
gi =
−Gm
N
2v¨/3, Bi = Bgi = 0, and mN v˙i = −2(Gm2N − q2N )v¨i/3.
The physical gauge restriction, SNµ (x)P
µ
N
(x) = 0, and the covariant con-
servation DPµ
N
/ds
N
= 0, lead to a spin-type relation for the self-momentum
m
N
S
Nµ,
Pµ
N
DS
Nµ
ds
N
= m
N
V µ
(
dS
Nµ
ds
N
− ΓρµνV νSNρ
)
. (23)
This equation reads V oV oΓiooSi = 0 in the particle rest frame, where V
i = 0 and
So = 0. From here one finds a scalar conservation ∂o(m
2
N
SiSjδ
ij) = 0 with the
proper self-momentum m
N
Si(ξN ) = mN∂iφN (ξN ) + (q
2
N
− Gm2
N
)a
N i(ξN ) 6= 0,
while m
N
So(ξN ) = mN ∂oφN (ξN ) − (Gm2N − q2N )aNo(ξN ) = 0, in the absence
of external gravitational and electromagnetic fields. The self-potential S
Nµ has
only three degrees of freedom and it is not a four-vector. This potential may be
associated with an internal angular momentum or spin of the elementary object
N with the net rest mass m
N
.
5.2. Maxwell-type vector equations for the particle mass and charge
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The macroscopic geodesic motion of the point source-outlet N along the clas-
sical path ξ
N
depends on elementary electromagnetic, q
N
fK+µν (ξN ), and gravita-
tional, −Gm
K
fK−µν (ξN ), fields related by zero four-intervals with distant sources-
outlets K at point vertices ξ
K
. The equation (22) is not complete if we do not
know how to relate these skew-tensor fields with their moving sources-outlets.
One way to relate the gravitational field to the mass corresponds to the
tensor Einstein equation [1], which may be derived, for example, after the Hilbert
variation [17] of a system action with respect to ten variations δgµν (gµνV
µV ν 6=
1 before the variations). Recall that there is no one ten-component field in (15)
behind the symmetric tensor gNµν and its ten degrees of freedom have different
physical origin. These degrees of freedom may be also traced in the four-vector
variable P
Nµ(x). We have first to define an elementary action for a particle
N and its self field in order to select dynamical variables and derive Lagrange
variational equations.
At first we accept an introduction of the particle in terms of extended mi-
croscopic states over all vacuum space by keeping the localized or point particle
state exclusively for space-time averaged, macroscopic relations. The wave-
particle dualism, propounded in 1905 by Einstein in his quantum theory of
light, was fruitfully inverted by de Broglie in 1923, when he first departed from
the point particle notion and developed the field analogy of the particle with
the light wave [18]. By following this verified way, we may postulate that the
particle is not localized under its microscopic states no matter the classical or
the wave approach is taken into consideration. In other words, we are going to
reinvest the Einstein - de Broglie particle-wave dualism from Wave Mechanics
back to Classical Electrodynamics and Gravitation through a postulated con-
cept of the dual particle states (point macroscopic and nonlocal microscopic
ones). The observed localization of the classical particle in our approach will
take place only for the averaged, macroscopic state.
The particle integration into the classical field structure had been antici-
pated by Einstein at the end of his life: ”We could regard matter as being made
up of regions of space in which the field is extremely intense... There would be
no room in this new physics for both field and matter, for the field would be the
only reality” (translation [19]). His analysis of the Maxwell-Lorentz equations
revealed the following: ”The combination of the idea of a continuous fields with
that of discontinuous material points in space strikes me as contradictory. A
coherent field theory would consist exclusively of continuous elements not only
in time but in every point of space. Hence the material particle cannot possible
be a fundamental concept in any field theory. Thus, quite apart from the fact
that it ignores gravitation, Maxwell’s theory cannot be considered as a complete
theory”(translation [20]). The Lorentz introduction of point field sources into
microscopic equations is ”an attempt which we have called intellectually unsat-
isfying” [20], and dissatisfied Einstein criticised his gravitational equation with
the point sources: ”it resembles a building with one wing build of resplendent
marble, and the other build of cheap wood”. The problem of point particles
in the classical field equations has not been resolved satisfactorily yet that may
be considered as a motivation for our introduction of the extended microscopic
states along with the averaged macroscopic state for the same entity, called the
particle.
The Dirac delta-operator, with
∫
dx4P
Nµ(x)δ
3(x− ξ
N
[p])δ(xo − ξo
N
[p]) =
P
Nµ(ξN [p]), will assist us to interpret the particle in terms of the extended
microscopic states (or continuous virtual fluctuations) with the local particle
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four-momentum P
Nµ(x) = mNVµ(x) and the local four-velocity V
µ(x) at all
vacuum points xµ 6= ξµ
N
. We will consider the particle N in microscopic relations
as a nonlocal continuous fraction of an elementary object N, where the relevant
particle densities are locally bound with induced self fields q
N
fNµν(x)x 6=ξN and−Gm
N
fNµν(x)x 6=ξN . Such interpretation of the particle for microscopic states can
be agreed both with macroscopic particle peculiarities and with an introduction
of the material vacuum through a global intersection of elementary particle-
field objects with zero elementary mass/charge/energy densities. Again, the
particle entity without its self-fields is not a complete elementary object in our
consideration.
Now we can define the tensor density WNµν(x) ≡ ∇Nµ PNν(x) -∇Nν PNµ(x) =
∂µPNν(x) − ∂νPNµ(x) of the extended particle states and the self-field tensor
fNµν(x) ≡ ∇Nµ aNν(x) -∇Nν aNµ(x) =∂µaNν(x)−∂νaNµ(x) at the same points of
the proper four-space xµ
N
= xµ (for brief). A local coupling of the microscopic
particle states and their fields takes place overall xµ
N
and a scalar contraction
of their tensor densities should be put into the microscopic action Smic
N
of the
complete elementary particle-field object N,
Smic
N
=−
∫
d4x
√−g
N
∫
dξo
N
[p]
δ3(x−ξ
N
[p])δ(xo−ξo
N
[p])P
x 6=ξ
K
Nµ (x)√
−g
N
(x)
dxµ
dξo
N
[p]
−
∫
x 6=ξ
K
,ξ
N
d4x
√
−g
N
(x)
16π
[
gµρ
N
(x)gνλ
N
(x)WNµν (x)f
N
ρλ(x) + g
N
µν(x)G
−1rµν
N
]
=−
∫
d4x
√−g
N

P x 6=ξKNµ δ3(x−ξN [xo])dxµ√−g
N
(x)dxo
+
W
x 6=ξ
K
Nµν f
Nµν
x 6=ξ
N
16π
+
r
N
(x)
16πG

 , (24)
where
√
−g
N
(x) ≡
√
γ
N
gNoo(x) ≡
√
gNoo(x), rN (x) ≡ gNµν(x)rµνN (x)x 6=ξN ,ξK is the
scalar curvature of the four-space xµ
N
at peculiarity free points, f
Nµν(x) is not
define at ξ
N
, and P
Nµ(x) is not define at all ξK , when ξK 6= ξN .
By applying the delta-operator in (24), one may find an action Smac
N
=
− ∫ dpP
Nµ(ξN [p])(dξ
µ
N
[p]/dp) for the macroscopic, localized particle at its clas-
sical path ξ
N
, where there are no self-fields in our definition. The path varia-
tions δξ
N
[p] at these bare particle points in Smac
N
lead to m
N
V ν
N
(ξ
N
)WNµν(ξN )
= 0, i.e. to the macroscopic geodesic equation (22) under its first integral
V
Nµ(ξN )V
µ
N
(ξ
N
) = 1. The geodesic equation for the extended microscopic states
at the field points x 6= ξ
N
will be derived below after the action variations with
respect to δxµ
N
.
The variations of (24) with respect to δP
Nµ(x) at pure field points x 6= ξN , ξK
correspond to a microscopic Lagrange equation
Iν
N
(x)x 6=ξ
N
,ξ
K
≡ iν
N
(x)− ∇
N
µ f
µν
N
(x)
4π
≡ δ
3(x− ξ
N
[xo])dxµ√
−g
N
(x)dxo
− ∇
N
µ f
µν
N
(x)
4π
= 0,
(25)
where fµν
N
(x) ≡ gµρ
N
(x)gνλ
N
(x) fNρλ(x)x 6=ξN ,ξK and
√
−g
N
(x) ≡
√
gNoo(x). Notice
that not all components of the skew-symmetric tensors are independent under
variations [19]: the relations δWNµν(x) = −δWNνµ(x) were taken into account.
The variable P
Nµ(x) has four degrees of freedom before the variations because
P
Nµdx
µ/dp 6= const in the action (24). We may define dp = ds
N
for the path
parameter p after the variations and then use V
Nµ(x)V
µ
N
(x) = 1 in the equations
of motion.
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At first glance the Maxwell-type variational equation (25) seems not new at
all. The only point it is not specified neither for the mass, nor for the electric or
other kind of charge. This basic equation for the microscopic particle states and
their fields manifests in general that any kind of the particle matter four-flow
iν
N
(x) or pre-current is to be locally screened by an induced appropriate pre-field
fµν
N
(x) at all peculiarity free points, called vacuum or field points in macroscopic
physics. Indeed, different solutions of this microscopic equation may be associ-
ated with differently charged particle-field matter. Below we apply (25) only to
the mass and to the electric charge in order to derive macroscopic equations and
to relate the macroscopic gravitational fields to the advanced Lienard-Wiechert
potentials, while the macroscopic electromagnetic fields with the retarded ones.
But first we rewrite (25) for the relevant microscopic equations with the active
gravitational mass m
N
and the electric charge q
N
, respectively,{−4πG√gNoomN iνN (x)x 6=ξN ,ξK = ∂µ√gNoo[−GmN fµνN (x)]x 6=ξN ,ξK
4π
√
gNooqN i
ν
N
(x)x 6=ξ
N
,ξ
K
= ∂µ
√
gNooqN f
µν
N
(x)x 6=ξ
N
,ξ
K
. (26)
Here there is only a local coupling of the fields with the microscopic cur-
rents {−Gm
N
/q
N
}iµ
N
(x)x 6=ξ ≡ {−GmN/qN}δ3(x− ξN [p])dxµ/
√−g
N
dxo of the
extended particle in xµ 6= ξµ
N
. The microscopic particle currents (or virtual
particle fluctuations) reshaping microscopic fields overall space with an infi-
nite speed C = ∞, otherwise another Dirac operator, δˆ4(x − ξ
N
[p]) = δ3(x −
ξ
N
[p])δ(xo − ξo
N
[p] ± C−1|x − ξ
N
[p]|), is to be used in the action (24). The
nonlocal nature of the particle on the microscopic level is responsible for instan-
taneous updating of both outgoing and incoming microscopic fields that is not
in disagreement with the Special Relativity restrictions for macroscopic fields.
The advanced/retarded relations of macroscopic self-potentials with their
mass/charge at ξ
N
do arise from (26), but only for the macroscopic states aver-
aged over all microscopic states (or virtual fluctuations for macro-world) under
”small macroscopic - large microscopic” time scales ∆xo ∼ to. At these scales
the particle and its fields disintegrate in space, and the macroscopic generaliza-
tion of (25) takes the following form,{
iµ
Nmac(x)x 6=ξN = 0, f
µν
Nmac(x)x 6=ξN 6= 0, ∇Nµ fµνNmac(x)x 6=ξN = 0,
iµ
Nmac(ξN ) 6= 0, fµνNmac(ξN ) = 0, ∇Nµ fµνNmac(x)x=ξN = 0.
(25a)
The macroscopic disintegration of masses or charges with their advanced or
retarded, respectively, fields in (25a) should be considered as a fundamental
property of this kind of matter. In principle, one may find some more field solu-
tions of the general equation (25), which are not related to space disintegration
with extended charges. Such charges cannot be observed in macro-world and
they are out of plans to consider macroscopic gravity and electrodynamics.
One may say that the microscopic particle states or virtual particle fluc-
tuations are screened completely by locally induced charged fields, and ev-
ery elementary material object has neither the net mass four-current density,
m
N
Iν
N
(x)x 6=ξ = 0, nor the electric four-current density, qN I
ν
N
(x)x 6=ξ = 0, at
all field points. There are no screening self-fields in the vertex ξ
N
, where the
elementary object is represented by only the particle fraction. Thus the parti-
cle exhibits in ξ
N
its finite mass/charge four-current on behalf of the complete
elementary object, which becomes available for observations at this point.
Another microscopic equations and their macroscopic generalizations for the
incoming and outgoing field densities may be derived directly from their skew-
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symmetrical tensor structures fNµν(x)x 6=ξN ,

(−Gm
N
)[∂µfNνδ(x) + ∂νfNδµ(x) + ∂δfNµν(x)]
mic/mac
x 6=ξ
N
= 0
q
N
[∂µfNνδ(x) + ∂νfNδµ(x) + ∂δfNµν(x)]
mic/mac
x 6=ξ
N
= 0
. (27)
Notice that the macroscopic equations (25a) and (27) admit retarded wave
solutions for the field q
N
fµν
Nw(x)x 6=ξN ,ξK with a zero electric current, qN∇µfµνNw ≡
q
N
g
−1/2
oo ∂µ
√
goof
µν
Nw = 0, and advanced wave solutions [−GmN fµνNw(x)]x 6=ξN ,ξK
with a zero mass current, (−Gm
N
)∇µfµνNw ≡ −GmN g
−1/2
oo ∂µ
√
goof
µν
Nw = 0. They
are anti-waves to each other because the spherical electromagnetic wave is mov-
ing from its point source ξ
N
, while the spherical gravitational wave is moving
with the same light speed c toward its point outlet ξ
N
.
Only the particle four-currents may induce the interaction fields based on the
uncharged pre-field fµν . These fields affect another particles and couple material
entities with nonzero mass/charge four-currents. The gravitational/electromag-
netic mass/charge dimensional waves from (26)-(27) have formally the same
mass / charge density, respectively, as their parent particle. But these ”massive”
and ”charged” fields with zero mass and charge four-currents do not induce any
interaction fields. In other words, the gravitons and the photons have only zero
active gravitational masses (as well as zero passive and inertial masses, and zero
passive and active electric charges) and they do not couple to each other in our
consideration.
It is important for macroscopic causality that the advanced gravitational
wave or their packet would come from infinity to the point vertex-outlet only
through infinite time intervals and, therefore, this gravitational wave never be
registered in practice or cross the retarded electromagnetic wave. From the other
side, the instantaneous generation of gravitational waves in infinity takes energy
from the accelerated mass and lead, for example, to the radiation damping in
oscillation of binary pulsars. In general the mass exhibits inertia or resists to any
acceleration by generating the advanced waves in infinity, while the non-inertial
charge welcome self-accelerations by generating the retarded waves.
We should recall from [5], for example, for the uniformly moving particle
that its Newton and Coulomb forces, derived from the advanced and retarded
Lienard-Wiechert potentials, respectively, are both directed toward the instan-
taneous particle position, rather than toward different (advanced and retarded)
positions. These forces are always parallel due to the Lorentz invariance in all
inertial frames of references, including the particle rest frame, and forces cannot
be promptly used for verifying the advanced nature of macroscopic gravitation.
Aberrations of Sun’s electromagnetic and gravitational waves would have dif-
ferent signs, could causality be violated and the gravitation wave be registered
one day.
5.3. Superfluid behaviour of microscopic particle states
Now we derive one more Lagrangian equation by varying the global ensemble
action
∑∞
N
Smic
N
with respect to δa
Nµ,
∇µWµνN = 0, (28)
where we used δP
Kµ(aNµ) = constδaNµ and (25).
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We also may write directly from the definition WNµν(x) ≡ ∇Nµ PNν(x) −
∇Nν PNµ(x) another relation for the microscopic particle states in all field points
x 6= ξ
N
, ξ
K
or in vacuum,
∂µWNνδ(x) + ∂νW
N
δµ(x) + ∂δW
N
µν(x) = 0 (29)
with m
N
[∂µMNνδ(x) + ∂νM
N
δµ(x) + ∂δM
N
µν(x)] = 0 when qN = 0.
One could formally decompose the total particle four-momentum PNµ (x)
in (2) into a gravitomechanical part and an electrical one. Then the tensor
density WNµν(x) of extended particle states in vacuum would be formally di-
vided into a gamvitomechanical part and an electric part (with q
N
), W
Nµν(x) =
m
N
M
Nµν(x)+qNFµν(x), whereMµν(x) ≡ wµν(x)+Gµν (x), wµν(x) ≡ ∂µVν(x)−
∂νVµ(x), Vµ(x) ≡ {β−1,−β−1vi}, β =
√
1− vivi, Gµν(x) ≡ ∂µBν(x)−∂νBµ(x)
=
∑all
K
m
K
[∂µa
−
Kν(x) − ∂νa−Kµ]x 6=ξK , and Fµν(x) ≡ ∂µAν(x) - ∂νAµ(x) =∑all
K
q
K
[∂µa
+
Kν(x)− ∂νa+Kν(x)]x 6=ξK .
The vortexless partial solutions, Wµν
N
(x) ≡ gµρ
N
gµλ
N
WNρλ = 0 and W
N
µν(x) ≡
∂µPNν(x) − ∂νPNµ(x) = 0, of the general equations (28)-(29) can be written
through a gradient, ∂µΥN (x), of the single valued scalar potential ΥN (x), with
∂µ∂νΥN (x) = ∂ν∂µΥN (x) and
m
N
V
Nµ(x)=mNVµ+mNBµ(x)+qNAµ(x)+mN∂µφN (x) = mN ∂µΥN (x). (30)
One may associate this scalar Υ
N
(x) =
∫
V
Nµdx
µ + const = s
N
(x) + const
with the proper four-interval s
N
, because dΥ
N
= dxµ∂µΥN = dx
µV
Nµ = dsN .
The potential microscopic states (30) correspond to the well known London
supercurrent of Cooper’s carriers in electromagnetic fields. For this reason the
microscopic particle states may be considered as superfluid virtual fluctuations
of the particle in its proper four-space. Vortexless motion of microscopic particle
densities in vacuum can be read through the following three-vector functions
gi(x) ≡ ∂oVi − ∂iVo ≡ −∂oviβ−1 − ∂iβ−1
= −Gi(x) −m−1N qNEi(x) ≡ ∂oβ−1
√
gNoogi + ∂iβ
−1(
√
gNoo − 1), (31)
hi(x) ≡ −2−1eijk(∂jVk − ∂kVj) ≡ {curlβ−1v}i
= −Hi(x)−m−1
N
q
N
Biq(x) ≡ −{curl β−1
√
gNoog}i, (32)
where the universal tensor density Fµν(x) forms the three-vector electric, Ei(x)
≡ Foi(x), and magnetic, Biq(x) ≡ −eijkFjk(x)/2
√
γ (e123 = 1,
√
γ = 1), fields,
acting locally on the electric charge q
N
of the extended vacuum state of the
particle N. Gravity is implicated into (31) - (32) through the universal tensor
Gµν(x) based on potentials Bµ(x) = −G
∑
K
m
K
a−
Kµ(x)x 6=ξK , with Gi(x) ≡
Goi(x) ≡ ∂oBi − ∂iBo and Hi(x) ≡ −2−1eijkGjk(x) ≡ −2−1eijk(∂jBk − ∂kBj).
We take that
√
γ = 1, β =
√
1− δijvivj , {curl a}i ≡ (2√γ)−1 eijk(∂jak−∂kaj)
= 2−1 eijk(∂jak − ∂kaj), and div a ≡ γ−1/2∂i(√γai) = ∂iai for flat three-
space. Notice directly from (31)-(32) in the absence of external fields that the
elementary gravitational and electromagnetic self-fields are locally induced by
the extended particle velocity vi(x) at vacuum points x 6= ξN .
The general equations (28)-(29) admit also non-potential microscopic states
of the particle N with a finite vortex density, when WNµν(x) 6= 0. A number of
elementary vortices crossing a 2D surface sµν , n=h−1
∫
WNµνds
µν=h−1
∫
PNµ dx
µ,
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is to be an integer with respect to the Plank constant introduced by Wave
Mechanics.
A natural question arise: why one observes in practice only point, localized
particles and do not observes directly their extended microscopic states or vir-
tual particle fluctuations in vacuum points? In order to answer this conceptual
question we should find the stress-energy tensor density of these microscopic
states.
5.4. The stress-energy tensor density of the elementary particle-field object
By varying the action (24) with respect to δgNµν(x) one may find the stress-
energy tensor density of elementary matter at all four-space points, includ-
ing the particle vertex ξ
N
. The self-field is not induced at the vertex point,
where the localized, macroscopic particle state exhibits a nonzero energy-tensor,
T µν
N
(ξ
N
[s
N
]) ≡ m
N
V µ
N
(ξ
N
[s
N
])V ν
N
(ξ
N
[s
N
]) 6= 0. The localized particle is not
screened by its self-field at the vertex point, where the bare particle is ob-
served in practice. The macroscopic equation of free motion, ∇µT µNν(ξN ) =
m
N
[Vν∇µV µ(ξN ) + DVν(ξN )] = 0, of the localized particle is consistent with
its mass/charge four-currents conservation and with the macroscopic geodesic
equation (22).
In vacuum points, x 6= ξ
N
, ξ
K
, we fix the four-vector dxµ
N
in dx
Nµ(x) =
gNµν(x)dx
ν
N
and V Nµ (x)=dxNµ(x)/[dxNν(x)dx
ν
N
]1/2 under the variations δgNµν(x).
Then the variation procedure should provide the symmetric stress-energy tensor
density, T µν
N
(x)x 6=ξ, of the elementary particle-field matter. Note that symmet-
ric components of gµν are not independent one from another, δgµν = δgνµ, and
we define δS ≡ − ∫ dx4√−g(T µνδgµν+T νµδgνµ)/2−δ ∫ dx4√−gr/16πG.When
iµ = const, than δ(iµVµ)=i
µδ[gµνdx
ν(gρλdx
ρdxλ)−1/2] = [(δgµν)i
µdxν/2ds] +
[(δgνµ)i
νdxµ/2ds] = (iµdxν + iνdxµ)δgµν/2ds. The term −√−g(fµνN δWNµν +
fνµ
N
δW
Nνµ)/16π may be transformed into (
√−g∇νfνµN /4π)δVNµ under the in-
tegral. The contravariant metric tensor is related to the covariant one, i.e.
δgαβ = −gαµgβνδgµν − gανgβµδgνµ = −δgµν(gαµgβν + gανgβµ), δ√−g =√−g(gµνδgµν + gνµδgνµ)/2 = √−g(gµν + gνµ)δgµν/2, with √−g = √goo.
Finally, after the variation of (24) at the vertex free points with respect to
δgNµν (and δg
N
νµ), one can derive an Einstein-type equation,
1
8πG
(
rik
N
(x) − 1
2
gµν
N
r
N
(x)
)
= T µν
N
(x) ≡ P
µ
N
(x)Iν
N
(x) + P ν
N
(x)Iµ
N
(x)
2
+
WNρλ(x)
16π
[gµν
N
fρλ
N
(x) − 2gµρ
N
fνλ
N
(x)− 2gνρ
N
fµλ
N
(x)], (33)
with the stress-energy tensor density T µν
N
(x) ≡ T µν
N
(x)x 6=ξ
N
,ξ
N
of the micro-
scopic particle states and their self fields at all vacuum points x 6= ξ
N
, ξ
K
.
A trace of the stress-energy tensor density of elementary particle-field mat-
ter in (33) always vanishes in vacuum points, gNµνT
µν
N
≡ 0. This means from
(33) that the scalar curvature of the proper four-space is also absent, r
N
(x) ≡ 0.
Recall that the Rainich - Misner criterion for unified theories [21,22] dismisses
scalar curvature terms in the initial dynamical equations. The Ricci metric cur-
vature, Rµν(x), will be introduced below for the macroscopic Einstein equation
after averaging the microscopic states over the global ensemble of matter.
By taking into account the vector variational equation (25), one may rewrite
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the tensor equation (33) in the following form,
rik(x) = (∂ρVλ−∂λVρ)[gµρN (−GmN fνλN )+gνρN (−GmN fµλN )−2−1gµνN (−GmN fρλN )].
(34)
From here the traceless tensor curvature rµν
N
(x) arises only for microscopic states
with finite vorticity density, ∂ρVλ(x) 6= ∂λVρ(x), that maintains the tensor rank
2 of the Einstein equation.
The variations of (24) with respect to the field co-ordinate of elementary
matter, δxµ
N
, lead to its equation of motion in all vacuum points x 6= ξ
N
, ξ
K
,
2∇Nµ gNρνT µρN =
∇Nρ fρλN
4π
WNλν +
∇Nρ W ρλN
4π
fNλν = i
λ
N
WNλν
= m
N
wNµν(x)i
µ
N
(x) + [m
N
Gµν(x) + qNFµν(x)]
∇Nρ fρµN (x)
4π
= 0, (35)
where we used variational equations (25), (28), and equalities W ρλ∇νfρλ ≡
2W ρλ∇ρfνλ, fρλ∇νWρλ ≡ 2fρλ∇ρWνλ, ∇Nµ gNρνrµρN ≡ 2−1∂rN = 0. By con-
tracting (35) with iν
N
one finds an equality, iν
N
iλ
N
WNλν = 0, i.e. there are only
three independent equations in this four-component conservation law.
In fact, (35) is a geodesic equation for microscopic particle states in vac-
uum points x 6= ξ
N
, ξ
K
. By integrating iλ
N
(x)WNλν (x) = 0 over all space points,
one can derive the macroscopic geodesic equation (22) for the averaged, lo-
calized particle state. A self-force fNν (x) = (q
2
N
− Gm2
N
)fNνµ(x)∇Nρ fρµN (x)/4π
= −∇NµΘµνN (x), with ΘµνN (x) ≡ (q2N −Gm2N )[4fµρN (x)fNρν(x) + δµν fρλN (x)fNρλ(x)],
in the equation (35) is related locally to the plain vorticity wNνµ of the mi-
croscopic particle state in vacuum. This vacuum self-action on the extended
particle states is relevant to dynamics of the averaged, localized particle in the
macroscopic equation (22). The total space integral of the vacuum self-force
fµ
N
(x) is responsible for the observed radiation damping.
In closing we may conclude from (26) and (33) that the microscopic mass and
charge four-currents and the trace of the microscopic stress-energy tensor density
of every elementary particle and its self fields are balances strictly to zero at all
vacuum points. The point vertex ξ
N
is the only unscreened mass/charge/energy
carrier, which can directly be observed in practice.
6. The global superposition of microscopic states
Even though the covariant equations are four-dimensional in the proper four-
space xµ
N
, dynamics of matter depends on the development parameter, and there
must be a three-dimensional picture as seen by an observer. This motivates us
to pick out the coordinate world time xo = xo
N
and the absolute time interval
dt = |dxo| > 0 for the evolution of matter at all points of the world three-space
x.
Recall that we operate in (25) with the microscopic four-flow density iµ
N
(x)
of virtual particle fluctuations at all vacuum points x 6= ξ
N
, ξ
K
,
∫
dxν
dp
δ4(x − ξ
N
[p])√−g dp ≡
∫
dxν
dξo
N
[p]
δ3(x − ξ
N
[p])√
γ
δ(xo − ξo
N
[p])√
gNoo
dξo
N
[p]
≡ iν
N
(x) =
{
ii
N
(x) = δ3(x− ξ
N
[xo])dxi/
√
gNoo(x)dxo
io
N
(x) = δ3(x− ξ
N
[xo])/
√
gNoo(x)
. (36)
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This four-flow density of the extended particle is locally bound with its
microscopic fields. A formal transition from the virtual, microscopic states
to the point particle and its retarded/advanced macroscopic fields, available
for measurements, changes the structure of the particle flow density, ii
N
(ξ) =
δ3(x − ξ
N
[xo])dξi/
√
gNoo(ξ)dxo and ioN (ξ) = δ
3(x − ξ
N
[xo]) /
√
gNoo(ξ) in the
Maxwell-type equations (25)-(25a). Then the macroscopic electromagnetic and
gravitational self fields exhibit retarded, s
N
(x, ξ
N
[τ+]) = 0, and advanced,
s
N
(x, ξ
N
[τ−]) = 0, zero four-interval behaviour with respect to the point parti-
cle at ξ
N
. Formally one may say that these fields with the opposite evolution
directions are induced by outgoing (dxo > 0) and incoming (dxo < 0) virtual
particle fluctuations. There are no local intersections of point classical parti-
cles, ξ
N
6= ξ
K
. But there is a global intersection of their extended microscopic
states. Therefore one may derive microscopic dynamic equations with local in-
tersections of the extended particle states and read these equations in terms
of averaged, macroscopic functions for point particles and retarded/advanced
fields.
Every considered world space point x can be related to vertices of different
nonlocal particles by zero-interval conditions. In other words, extended states of
different particles can cross one common world space point x ≡ x
1
,x
2
...,x
N
, ...
like light of distant stars crosses the Earth at any fixed time. Intersection of
microscopic states of all nonlocal particle-field objects in one common (world)
3D space x may be described under one common co-ordinate time xo(x), which
is independent from proper parameters of different objects. All proper three-
spaces xi
K
, associated with different particles K, have universal 3D metrics with
γKij = δij , due to (15). For this reason the flat coordinate space x with the uni-
versal 3D interval dl =
√
δijdxidxj > 0 and the flat co-ordinate time with the
absolute 1D interval dt = |dxo(x)| = √δoodxodxo > 0, are quite appropriate to
apply to all matter. Recall that the four-interval |ds
N
(x)| = √gNµνdxµdxν > 0
depends on local fields and, consequently, on the path parameters p
N
of elemen-
tary particles.
One may say that the world space x is a flat 3D projection of the infinite
kaleidoscope of curved nonlocal 4D particle-field objects, while |dxo(x)| is sim-
ply an absolute world rate for stage set changes on this invisible 3D screen.
Every vacuum point of the world space x at any particular moment xo(x) may
contain encountered intersections of microscopic particle-field states with zero
mass/charge/energy densities. We write this statement by summing the mi-
croscopic equations (26) and (33) over the global intersection of all elementary
objects. This leads to the following microscopic equations and their macroscopic
generalizations for the total mass four-current density (respectively for virtual,
nonlocal particles and point, classical particles associated with a selected vac-
uum point x 6= ξ
N
, ξ
K
, ...),
all∑
N
m
N
√
gNooi
ν
N
(x)x 6=ξ
N
= − 1
4πG
all∑
N
∂µ(−GmN )
√
gNoof
µν
N
(x)x 6=ξ
N
(37)
µo(x)
dxν√
g˜oodxo
= − 1
4πG
√
g˜oo
∂µ
√
g˜ooG
µν(x), (37a)
for the total electric four-current density,
all∑
N
q
N
√
gNooi
ν
N
(x)x 6=ξ
N
=
1
4π
all∑
N
∂µqN
√
gNoof
µν
N
(x)x 6=ξ
N
, (38)
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ρo(x)
dxν√
g˜oodxo
=
1
4π
√
g˜oo
∂µ
√
g˜ooF
µν
N
(x), (38a)
and for the total stress-energy tensor density,
all∑
N
m
N
√
gNoo
2
(
iµ
N
(x)V ν + iν
N
(x)V µ
)
x
N
6=ξ
N
≡
all∑
N
{
δ3(x− ξ
N
)m
N
dxµ
dxo
dxν
ds
N
}
x 6=ξ
N
=
1
8πG
all∑
N
√
gNoor
µν
N
(x)x
N
6=ξ
N
− 1
8πG
all∑
N
[−Gm
N
dxµ
ds
N
√
gNoo∇Nρ fρνN (x) −GmN
dxν
ds
N
√
gNoo∇Nρ fρµN (x)
−Gm
N
MNρλ(x)
√
gNoo[g
µρ
N
fνλ
N
(x) + gνρ
N
fµλ
N
(x)− g
µν
N
2
fρλ
N
(x)]]x 6=ξ
N
+
Fρλ(x)
8π
all∑
N
{q
N
√
gNoo[g
µρ
N
fνλ
N
(x) + gνρ
N
fµλ
N
(x) − g
µν
N
2
fρλ
N
(x)]}x 6=ξ
N
, (39)
µo(x)
dxµ√
g˜oodxo
dxν
ds˜
=
1
8πG
(
Rµν(x) − g˜
µν
2
g˜ρλR
ρλ(x)
)
− 1
16π
[2g˜µρFρλ(x)F˜
λν (x) + 2g˜νρFρλ(x)F˜
λµ(x) + g˜µνFρλ(x)F˜
ρλ(x)]. (39a)
Here we introduced global compositions of elementary macroscopic (advan-
ced/retarded) fields, Gµν(x) ≡ [g˜oo(x)]−1/2
∑all
N
(−Gm
N
)
√
gNoofµνN (x)
s
N
[τ
−
]=0
x 6=ξ
N
[τ
−
],
Fρλ(x) ≡
∑all
N
q
N
fNρλ(x)
s
N
[τ+]=0
x 6=ξ
N
[τ+]
,
√
g˜oo(x)F
µν(x) ≡∑all
N
√
gNooqN f
µν
N
(x)
s
N
[τ+]=0
x 6=ξ
N
[τ+]
,
and
√
g˜oo(x)g˜
µν(x)F˜ ρλ(x) ≡ ∑all
N
√
gNoogµνN (x)qN f
ρλ
N
(x)
s
N
[τ+]=0
x 6=ξ
N
[τ+]
in order to use
them in the macroscopic equations at vacuum points x 6= ξ
N
. Notice that all
elementary microscopic fields contribute to these macroscopic fields. This is not
a case for the macroscopic particle densities µo(x) and ρo(x) in vacuum (field)
points, because the macroscopic particle state (resulting from averaging over
the microscopic states under small macroscopic time scales) is localized at one
point ξ
N
. The global sums of the microscopic densities
∑all
N
m
N
δ3(x− ξ
N
) and∑all
N
q
N
δ3(x−ξ
N
) at the field point x are to be replaced under macroscopic time
with a summing over those particles, which are localized in a small macroscopic
volume Ω → 0 around x, ∑all
N
m
N
δ3(x − ξ
N
) → µo(x) ≡
∑Ω
N
m
N
(ξ
N
)/Ω, and∑all
N
q
N
δ3(x− ξ
N
) → ρo(x) ≡
∑Ω
N
q
N
(ξ
N
)/Ω.
The macroscopic metric tensor g˜µν(x) for an elementary ensemble of all
point particles in Ω is defined in the field, vacuum point x 6= ξ
N
by (15) with an
elementary massm
N
= µo(x)Ω and an elementary charge qN = ρo(x)Ω. Space is
flat for macroscopic gravitation and electrodynamics, because g˜oig˜oj g˜
−1
oo − g˜ij =
δij , γ˜ = 1, and
√−g˜ ≡ √γ˜g˜oo =
√
g˜oo.
It is worth to repeat that all point sources-outlets are excluded from the
original microscopic equations (37), (38), and (39) for vacuum points. Con-
trary to the continuous density of the microscopic, extended particle states, the
density of the macroscopic, point particles in one selected field point x is mean-
ingless. One should not neglect this obvious fact under interpretation of the
field equations for electrodynamics or gravitation.
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The macroscopic Ricci tensor Rµν(x) ≡ Gµν(x)− 2−1g˜µν g˜ρλGρλ(x) in (39a)
and the Einstein tensor Gµν(x) are defined by a following superposition of the
elementary traceless tensors rµν
N
and advanced gravitational fields,
Gµν(x) ≡ 1√
g˜oo
all∑
N
√
gNoo
(
rµν
N
+Gm
N
[
dxµ
ds
N
∇Nρ fρνN (x) +
dxν
ds
N
∇Nρ fρµN (x)]
+Gm
N
MNρλ(x)[g
µρ
N
fνλ
N
(x) + gνρ
N
fµλ
N
(x) − g
µν
N
2
fρλ
N
(x)]
)s
N
[τ
−
]=0
x 6=ξ
N
[τ
−
]
. (40)
The scalar Ricci ”curvature”, g˜ρλR
ρλ(x) ≡ R(x) = −G(x) ≡ −g˜ρλGρλ(x),
originates from advanced, incoming elementary fields. Recall that these grav-
itational fields were induced in order to screen microscopic mass four-current
densities of nonlocal particles in vacuum points, rather than to curve flat three-
space. One may say the scalar ”curvature” R of macroscopic fields balances the
mass density µo(x) of macroscopic particles in vacuum points. This ”curvature”
may be found from the macroscopic gravitational equation (39a) or directly from
the original microscopic equality
∑
N
√
gNoogNµν [8πGT
µν
N
(x)−rµν
N
(x)]x 6=ξ
N
,ξ
K
≡ 0,
R(x)=
−8πGµo(x)ds˜√
g˜oodxo
=
8π√
g˜oo
all∑
N
(−Gm
N
)
gNµνdx
µdxν
ds
N
dxo
δ3
N
(x− ξ
N
). (41)
One may find from (14) a global sum for the four-momentum densities,
Pmicµ (x) ≡
∑all
N
δ3(x − ξ
N
)m
N
gNµνdx
ν/ds
N
, of all microscopic states in any
vacuum point and a macroscopic four-momentum density, Pmacµ (x) ≡ µo(x)
g˜µνdx
ν/ds˜, of point particles in the nearest vicinity of the selected vacuum
point x = {x;xo} 6= ξ
N
, ξ
K
,
Pmicµ (x) =
all∑
N
m
N
V
Nµ(x)δ
3(x− ξ
N
) +Bµ(x)
all∑
N
m
N
δ3(x− ξ
N
)
+Aµ(x)
all∑
N
q
N
δ3(x− ξ
N
) +
all∑
N
m
N
δ3(x − ξ
N
)∂µφN , (42)
Pmacµ (x) = µo(x)[V˜µ +Bµ(x)] + ρo(x)Aµ(x) + µo(x)∂µφ˜N (x). (42a)
The local field potentials Aµ(x) and Bµ(x) contribute with the identical
signs to the macroscopic four-momentum density (42a), but with the opposite
signs to (37a) and (38a) for the mass and charge four-current densities, respec-
tively. By considering these macroscopic relations one finds that the electric
current densities can screen locally external electromagnetic fields, while the
mass current densities can be responsible only for oscillating solutions of ex-
ternal gravitational fields without their damping. In other words there are no
screens in practice for macroscopic gravitational fields. The physical reason may
be traced as follows: the point charge can interact with casual electromagnetic
waves, while advanced disturbances of the incoming gravitational field never ar-
rive from infinity in finite times and ”inform” the point mass in the laboratory.
The requirement for finite magnitudes for all material densities supports our
introduction of the extended particle states in vacuum. It seems very unlikely
that it is possible to overcome the problem of divergence in electrodynamics,
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for example, by applying the classical paradigm of the point charge to micro-
scopic field theory. The developed microscopic approach to gravitation is quite
consistent with the cited Einstein’s statements, which worth to be repeated:
”A coherent field theory requires that all its elements be continuous ... And
from this requirement arises the fact that the material particle has no place as
a basic concept in a field theory. Thus, even apart from the fact that it does
not include gravitation, Maxwell’s theory cannot be considered as a complete
theory” (translation [19]). Our dual formalism for the macroscopic/microscopic
particle within the extended elementary object is a predicted way to introduce
the ”continuous element” into the classical field equations for electrodynamics
and gravitation.
7. Conclusion
The particle mass four-currentm
K
iµ
K
(x) is the origin of the incoming gravita-
tional field (−Gm
K
fK−µν ) and the vector gravitational forcemN (−GmK )V νN fK−µν .
According to General Relativity the electromagnetic and gravitational parts
of interactions cannot compensate each other in the state of general motion
due to the different tensor nature of these interactions. The electromagnetic
and gravitational external potentials for the charged particle have a unified re-
tarded/advanced structure,
∑
K 6=N
K
(q
N
q
K
a+
Kµ−GmNmKa−Kµ), in our approach,
which lead the vector balance of electromagnetic and gravitational ”instanta-
neous” forces for a two-body system with q
1
q
2
= Gm
1
m
2
.
The absence of aberrations of the ”instantaneous” Newton and Coulomb
forces, based on the advanced and retarded field potentials, respectively, does
not contradict to the finite speed c of gravitational and electromagnetic waves.
Could Sun’s incoming gravitational wave come to the laboratory from infinity, it
would have an advanced aberration 20 arc seconds with respect to the attraction
force direction and 40 arc seconds with respect to the retarded aberration of
Sun’s light.
The developed coupling of electromagnetic and gravitational vector inter-
actions and the integration of the particle into its field structure satisfy the
predicted double unified criterion [19], as well as the Rainich-Misner known cri-
terion [21,22] for the unified field theory. All point sources-outlets are excluded
from the continuous particle-field equations in agreement with Einstein’s ap-
proach [23,19,20] to the continuum theory, and all physical magnitudes in vector
electrogravity are free from divergences.
We accepted only retarded potentials for outgoing electromagnetic fields
with respect to their point sources and only advanced potentials for incoming
gravitational fields with respect to their point outlets. The opposite directions of
outgoing and incoming spherical fields explain the repulsion of identical charges
and the attraction of masses in the vector field theory. The unified vector nature
of electrogravity corresponds to the unified spin-1 photon/graviton approach
to electromagnetic/gravitational waves. Our theory predicts the absence of
metric modulations of flat world space in disagreement with the tensor (spin-2)
gravitational wave propounded by General Relativity.
The electromagnetic/gravitation waves have zero charge/mass four-current
densities. These pure field objects do not couple to each other, contrary to
particles with finite four-currents. The vector gravitational wave, i.e. the
electromagnetic antiwave in our approach, may be formally associated with a
negative-energy hole in the retarded radiation spectrum due to the inverse time
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rate for the advanced, incoming field matter. The electromagnetic repulsion of
identical charges is mediated by the virtual particles (photons) in quantum field
theory, where the gravitational attraction of masses may be formally mediated
by holes (gravitons) in the retarded field spectrum. This approach creates a
clear perspective to quantize the gravitational spin-1 field in a full analogy with
the successfully quantized electromagnetic field.
Based on electrodynamics and its references, vector gravitation becomes
a self-contained theory, which may be applied to practice without references
on other gravitomechanical theories. Nevertheless, the developed approach to
gravitation coincides with the Newton theory in the non-relativistic limit and
with the concept of flat world space xi and the absolute time rate dt(xi) = dt(xj)
in all space points. The linear relativistic corrections to Newton’s motion in the
present theory with flat three-space coincide quantitatively with the similar
corrections of General Relativity, but our nonlinear solutions for strong fields
do not lead to GR’s black holes. The available observations of all known kinds of
interactions and all conservation laws do not contradict to Euclidean geometry of
the world space, which we considered as a material continuum of the microscopic
particle states and their fields with vanishing charge/mass/energy densities at
all space points except at point sources-outlets.
The main relativity tests (the gravitation light bending by the Sun, the
radar echo delay, and the Mercury perihelion precession) can be quantitatively
explained under flat three-space with the absolute time rate in all space points.
The superfluid microscopic states of the nonlocal particle in vacuum are consis-
tent with the Aharonov-Bohm phenomenon [24]. The nearly isotropic microwave
background radiation corresponds to the spatial flatness of the Universe [3] that
is in an agreement with the metric tensor (15) for elementary matter.
One may ask what is the antimass in the present theory with incoming grav-
itational fields. A spontaneous split of the zero-mass ”object” should create at
least a couple of mass-antimass outlets with their advanced fields, which moves
separately toward these outlets. The electric charge source and its antisource
attract each other due to their outgoing fields and tend to collapse, while the
mass outlet and anti-outlet repulse each other due to their incoming fields and
tend to disintegrate. The repulsion of galaxies with the mass and the anti-
mass should lead to an increase of their mutual velocities and to the Universe
expansion with acceleration.
The dual approach to the microscopic/macroscopic particle and its fields in
(25)-(25a), for example, is based on their instantaneous (C/c=∞) virtual fluctu-
ations with zero energy tensor density within the nonlocal particle-field object.
This is quite consistent with instantaneous reshaping of Newton/Coulomb forces
and generation of advanced macroscopic waves in infinity. These infinitely dis-
tant gravitational waves have the light speed c, like the retarded electromagnetic
waves, and will never reach the laboratory in finite time intervals. Therefore
the advanced gravitation wave do not violate the casual requirements of Special
Relativity for macroscopic fields and particles. Nonetheless, such generation-at-
a-distance of gravitation waves ”there” (in infinity) requires energy consump-
tion by accelerated masses ”here” and leads, for example, to radiation damping
for rotating binary pulsars. More general, the unified approach to elementary
matter through the nonlocal particle-field object N, which is self-enclosed into
infinite four-space xµ
N
, satisfies to the Mach’s principle - matter there (gravi-
tational waves) governs inertia (of point particles) here [25, 8]. Anyway, the
nonlocal nature of the Universe, confirmed last century in different tunnel and
25
light experiments, for example [26, 27], is open for further exploration and dis-
cussions.
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